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      THE 1NTRAMOLECULAR REARRANGEMENT OF 
              R-PHENYLNYDROXYLAMINE 
         TO P-AMINOPNENOL UNDER PRESSURE. 
                   By Rvo Kn:amr and Snicelat M~xo.~u2a. 
                                Introduction. 
   P•aminophenol is manufactured from the intramolecular rearrattgment of p-
phenylhydroxylamine by the electrolytic reduction of nitrobebzene in a conc sulphuric 
acid solution. E. Bamberger"'-`s' and his co-workers have studied this catalyzed in-
tramolecular earrangement, and found that phenylhydroxylamine is rearranged to 
p-aminophenol with azoxybenzene, aniline and 4-aminophenolsulfonic a id-(2) etc. as 
byproducts by boiling a dil sulphwic acid sohition or by preserving the solution at 
room temperature for a few weeks or by preserving a conc sulphuric acid sohttion 
below ~° C, and discussed the mechanism of the intramoleculaz rearrangement in 
conformity to these facts. They also studied the non-catalyzed reaction only by heat 
and showed qualitatively that phenylhydroxylamine changes to a very small amount 
of p-aminophenol, mostly to azobenzene and water, and at the same time to aniline 
and azoxybenzene tc. as byproducts. 
   The authors studied the effect of pressure (0^-9,000 atm) on the non-catalyzed 
iatramoleeulaz rearrangement of f3•phenylhydroxylamine to p•aminophenol at tem-
peratures 75-115-C. 
                               Experimentals. 
   (1) The materials. Phenylhydroxylamineroas prepazed by reducing nitrobenzene 
with ammonium chloride and zinc hlrnings in accordance with the method of 0. 
Kamm.1e' It was purified two or three times by crystallizing from a ether solution 
and washing with benzene, till the melting point was found to be 81 ^ -81.5° C and 
preserved in vacuum to be protected from air oxidation. 
   (2} The determination oP p-aminophenol. Aminophenol can be determined by 
jodine-titration`'' of quinonchlorimide which is produced from aminophenol and 
hypochlorite, but the determination can not be applied because of the disturbance 
of phenylhydroxylamine. As aminophenol is scazcely soluble in chloroform, and 
    (1) E. Bamberger, Ber., 27, 1349, 1548 p894) 
    (2) E. Bamberger and h Lugutt, ibid.,31, 1500 (1898) 
    (3)~ E. Bamberger, tbid., 33, 3600 (1900), 34, 61 (1901) 
    (4) E. Bamberger and A. Rigiag, ibid., 34, 'l29 (1901) 
    (5) E. Bamberger. Aun. Chem., 390, 148 (1912)
    (6) O. Kamm, O>ganic Syntlusis, vol. 4,57 (1935) 
    (i) A. D. PoweO. The Analyst. 44. 22 (1919)
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phenylhydroxylamine, azobenzene, aniline and azoxybenzene are very soluble, the 
sample to be weighed was dissolved in the saturated chloroform solution of amino-
phenol, aminophenol being settled down as the precipitate in the corked tube. In-
soluble aminophenol was filtered with a glass filter by suction, dried and weighed. 
The glass filter was weighed again, after aminophenol was dissolved away with hot 
methanol. Aminophenol was determined from the difference in the weight measured. 
More than 0.2 milligrammes of aminophenol could be detected by this method. 
   (3) The experimental procedure. The experiment in vacuum was carried out 
as follows: a glass test-tube containing about 0.4gr of phenylhydroxylamine was 
evacuated, sealed and preserved for a definite time under the conditions of the fixed 
temperature and the vapour pressure of the sample. The experimental apparatus 
at high pressures was the same as the reports`"'•"' of Tl:is Journal. About 0.4gr 
of phenylhydroxylamine was compressed in a pressure-proof vessel. About 5 minutes 
were required for temperature controlling and the intramolecular rearrangement 
in this lapse of time was within the analytical error. After the sample was pre-
served for a definite time at the fixed temperature and pressure, aminophenol was 
determined by the method described above. The data iS shown as to the case in 
which the sample was solid, or partially liquid at the normal temperature after the 
reaction. 
                            ExperimenEal ResulEs. 
   The intramolecular rearrangement caused under the conditions of temperatures 
75 ^ • 115` C, pressures D ^ • 9,000 atm and reaction time 1, ~ hour, is shown in Table 1 
and Fig. 1. The amount of rearrange- 16
ment results in a little increase with 
temperature and pressure. The sample 
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   The rearrangement under 5,400 atm and in vacuum at 85` C is shown in Table 2 
and Fig. 2. The amount of rearrangement under 5,400 atm increases with time and 
              Table 2 2.0 
                           _-_ Tempe.aEure 83°~ 
               Transs[ion per cent at 8~ C 
_ at`~ 7/2 1 2 3 0~ 1.5 aL~ 
      0 038 0.48 053 OS7 E X00 
    saco ~ os5 I 1.21 ~l57 11.72 ~ 1'0h
n does not reach equilibrium even in 3 hours. z 0.5 VQ~uurrl. 
but in vacuum it reaches equilibrium and 
shows a smaller value than under pres-
sure. The sample was liquid completely 00 1 2 3 a 
at the normal temperature after the reac- Time (hour) 
tion for 2 hours in vacuum, but it was Fig. 'L 
partially liquefied after the reaction for 3 hours at 5,400 atm. 
                                   Discussions. 
   The experimental results described above can be summerized as follows: 
   (1) The amount of intramolecular rearrangement for1/2 hour results in a little 
increase with temperature and pressure. (Fig. 1) 
   (2) The pressure ffect on the rearrangement increases with time and the 
rearrangement does not reach equilibrium even for 3 hours. (Fig. 2) 
   The pressure ffect on the chemical equilibrium is expressedby the following 
equation, which has been discussed in the previous reportf10f of This Jorwroal, 
                          In Ke RTp' 
where K, and K are the chemical equilibrium constant under a definite pressure 
and that in vacuum respectively and dV is the difference of the molecular volume 
between the final and initial states of the reaction system. The following reactions 
have been found as to the non-catalized reaction of phenylhydroxylamine. 
H 
                  `OH
     2~N~ H -. ~~-N = N-~ + 2H:O (2 )
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H      2~-N~ H ~ ~-N=N-O+H_O+H_ (4) 
O Therefore, the pressure effect on the intramoleculaz rearrangement must be dis-
cussed, taking into account these reactions. The following facts can be found from 
the experimental results described above: at the normal pressure the most part of 
phenylhydroxylamine shows the reactions (2) ^ -(4), and its small part the intramole• 
culaz rearrangement o aminophenol of (1) which reaches equilibrium in about 3 
hours. The reactions (2)^•(4) are retarded by pressure, because the molecular 
volume in the final state is larger than the initial. On the other hand, not only 
the rate of reaction but also aminophenol in equilibrium increase by pressure in the 
reaction (1), although it is a very slow reaction. 
   Phenylhydroxylamine was compressed too highly to melt in the most experimen• 
tal data, as the melting point of a material generally shifted to high temperatures 
with the increase in pressure. The sample was a white solid as it was or liquid 
partially after the reaction. But the reactions (2)-(4) were accelerated under the 
conditions denoted by asterisks in Table I and the samp]e showed reddish liquid. 
   The authors are indebted to the Department of Education foe the Grantto the 
Cooperative Research (The Fundamental Research on High Pressure Industries). 
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